are not many studies on diagnostic efficacy of bedside LUS in postoperative cardiothoracic ICUs. Hence, we designed this study to find whether LUS can be used instead of CXR in postoperative cardiothoracic ICUs for diagnosing lung pathologies. The primary objective of the study is to compare the diagnosis obtained from bedside LUS with the diagnosis from routine bedside CXR. The secondary objective of the study is to compare the diagnostic ability of bedside LUS against CXR for various cardiopulmonary pathologies in cardiothoracic ICU patients.
MaterIals and Methods
After obtaining approval from the Institutional Ethics Committee (IEC No: SCT/IEC/804 September 21, 2015) and written informed consent from the patients, this prospective observational study was conducted. A total of 250 consecutive patients, between 18 and 75 years of age, undergoing elective cardiothoracic and vascular surgery during September 2015-June 2017, were enrolled for the study. The exclusion criteria were as follows: (1) patients with open sternum, (2) patients on intra-aortic balloon pump support, (3) preexisting lung pathologies, and (4) patients undergoing emergency surgery. After transferring the enrolled study patients from the operation room to postoperative cardiothoracic ICU, bedside CXR was done. Bedside LUS was performed in all the study patients soon after the CXR according to the study protocol. LUS was done in all postoperative cardiac surgical patients in cardiac surgery ICU by the principle investigator soon after bedside CXR. CXR was interpreted by an independent team in the ICU. A provisional diagnosis was made, and intervention, if any required, was carried out after the imaging. The primary investigator who interpreted the LUS was blinded to the finding of CXR, which was interpreted by a different team. The study was repeated similarly in the postoperative day 1 morning. Bedside LUS was performed and interpreted in all the patients by the same investigator, and the CXR was analyzed by another independent investigator. Both the investigators were blinded to each other findings.
Bedside lung ultrasound study protocol
Bedside LUS was done with the patient in a semi-recumbent position. For imaging posterior thorax, the patient was rolled over to semi-lateral decubitus position. We used a linear probe with frequency range of 6-12 MHz (Esaote Mylab one, Genova, Italy) for studying superficial structures such as pleura and a convex probe with a frequency of 1-4 MHz (Philips, ClearVue 350, USA) for studying pathologies such as pericardial effusion and minimal pleural effusion at costophrenic angle. Each hemithorax was arbitrarily divided into six regions [ Figure 1a (11) Distance between visceral and parietal pleura if interpleural area was found to be anechoic in horizontal cross section, (12) Tissue like echo texture of the lungs, and (13) Dynamic or static air bronchogram. In both mechanically ventilated and spontaneously breathing patients (after extubation on postoperative day 1), diaphragmatic excursion was noted by imaging the anterior subcostal region. Transthoracic echocardiography was done to look for any pericardial effusion. The following lung pathologies were diagnosed with per the international evidence-based recommendation for the point of care LUS: [7] (1) pneumothorax, (2) pleural effusion, (3) interstitial edema, (4) lung atelectasis, (5) pericardial effusion, (6) endobronchial intubation, and (7) diaphragmatic palsy.
Bedside chest X-ray study protocol
An anteroposterior CXR was taken at bedside in the postoperative ICU using a portable X-ray machine (SIEMENS, Multimobil, Goa, India) with the patient in a semi-recumbent position. Technical factors for optimal imaging were adjusted according to the American College of Radiology recommendations. [8] The diagnosis of pleural effusion, pneumothorax, consolidation, atelectasis, and interstitial edema was made according to the recommendations of the Nomenclature Committee of Fleischner Society. [9] Endobronchial intubation was diagnosed in CXR if the tip of the endotracheal tube is in the bronchus. Abnormal elevation of the diaphragm in relation to opposite side diaphragm was considered to indicate diaphragm weakness. An increased cardiothoracic ratio in CXR in comparison to that of preoperative CXR was considered mediastinal widening, suggesting pericardial effusion. 
Statistical analysis
The results are expressed as mean and standard deviation (SD), counts, or percentages. Based on the previous study, [10] the sample size was calculated before the patient recruitment by taking into account an expected higher degree of agreement (κ >0.80) between LUS and CXR imaging in detecting the lung abnormalities. A sample of at least 250 patients was required to achieve 85% power and Type I alpha error of 0.05. Continuous variables were expressed as mean ± SD, and qualitative data were expressed as numbers (n) and percentages (%). Agreement between CXR and LUS in detecting pathological findings was done using Cohen's Kappa statistics (44) . κ value between 0.41 and 0.60 is moderate agreement, 0.61-0.80 is substantial agreement, and 0.81-1.0 is almost perfect agreement. The Statistical Package for the Social Sciences Version 21.0 (SPSS Inc., IBM, Chicago, IL, USA) was used to analyze the data.
results
A total of 250 patients were studied during the study time period. A total of 500 LUS and corresponding 500 CXR studies were done. The demographic profile and surgical details of the patient are given in Table 1 . Overall, there is a substantial degree of agreement in diagnosis between the LUS and CXR imaging (κ = 0.652) [ Table 2 ]. Furthermore, the degree of agreement was good, when the imaging diagnosis was compared between the LUS and CXR in the immediate postoperative period (κ = 0.602) and 1 st postoperative day (κ = 0.740) [ Table 2 ].
The degree of agreement between LUS and CXR imaging in diagnosing various cardiothoracic pathological conditions was moderate for pleural effusion (κ = 0.561), substantial for atelectasis (κ = 0.673), and interstitial edema (κ = 0.707) and perfect for pneumothorax (κ = 0.931) [ Table 3 ]. None of the patients in the study was diagnosed to have endobronchial 
dIscussIon
LUS is not a routine point of care diagnostic modality in cardiothoracic ICUs, though many literatures are available supporting its role in multiple diagnostic and therapeutic procedures. [11, 12] Postoperative cardiothoracic patients with inotropic supports and chest drains were difficult to shift outside the ICUs for imaging the thorax. LUS is radiation-free, and portable ultrasound machines are now available in most of the ICUs. Although the learning curve for LUS imaging is steep, it can be performed quickly and safely at the bedside in the ICUs. [13] In our study, among 500 CXRs and LUS studies of 250 patients, 12.6% of CXRs showed abnormalities; whereas in LUS studies, 17% were abnormal. Among 85 LUS studies with pathological diagnosis, 61.2% had the same diagnosis as the corresponding CXRs. Among 415 normal LUS studies, 97.3% had normal CXR findings showing good agreement between CXR and LUS imaging. The same degree of agreement was observed between CXR and LUS imaging at different time periods (immediate postoperative period and 1 st postoperative day) Therefore, LUS can be used as an effective alternative for CXRs, and thereby reducing radiation exposure to the patients. [10] For diagnosing pleural effusion, LUS showed a fair agreement with CXR. Minimal pleural effusions which needed no Table 3 
: Degree of agreement between lung ultrasound and chest X-ray imaging in diagnosing various pathological lung conditions

Degree of agreement between LUS and CXR imaging in diagnosing pleural effusion
Total number of study (n=500) Pleural effusion diagnosed by LUS (n) Kappa coefficient
Present Absent
Pleural effusion diagnosed by CXR (n) Present 8 5 0.561 Absent 7 480
Degree of agreement between LUS and CXR imaging in diagnosing atelectasis
Total number of study (n=500) Atelectasis diagnosed by CXR (n) Kappa coefficient
Present Absent
Atelectasis diagnosed by CXR (n) Present 5 3 0.673 Absent 3 489
Degree of agreement between LUS and CXR imaging in diagnosing interstitial edema
Total number of study (n=500) Interstitial edema diagnosed by CXR (n) Kappa coefficient
Present Absent
Interstitial edema diagnosed by CXR (n) Present 39 0 0.707 Absent 67 433
Degree of agreement between LUS and CXR imaging in diagnosing pneumothorax
Total number of study (n=500) Pneumothorax diagnosed by CXR (n) Kappa coefficient
Present Absent
Pneumothorax diagnosed by CXR (n) Present 7 0 0.931 Absent 1 492 CXR=Chest X-ray, LUS=Lung ultrasound intervention were diagnosed by LUS in seven studies. However, this was not diagnosed by CXR, because in a supine postoperative bedside CXR imaging, only pleural effusion of ≥ 200 ml can be detected. [14] Furthermore, bedside CXR has poor accuracy for differentiating mild pleural effusion from parenchymal disease such as atelectasis. [15] In the immediate postoperative period, both LUS and CXR imaging showed basal atelectasis in four patients and whole lung atelectasis in one patient. Lung recruitment maneuvers in the above five patients expanded the atelectatic segments and showed normal study in both LUS and CXR imaging on the postoperative day 1. Hence, LUS is as effective as CXR for the recruitment of the lung tissue in patients with atelectasis. [16] In the immediate postoperative LUS examination, one patient revealed mild pneumothorax, whereas the corresponding CXR study showed no pneumothorax. In the same patient, LUS study on the postoperative day 1 showed a massive pneumothorax with the parallel CXR revealing the same. We found that mild pneumothorax could be detected by LUS earlier than the CXR, whereas the CXR was useful only if the pneumothorax was more than mild severity. [17] Since the endotracheal tube position was accurate for all the patients, no endobronchial intubation was detected by either LUS or CXR imaging. Endobronchial intubation can be ruled out by LUS, but the exact position of endotracheal tube tip in relation to vertebrae can be detected by only CXR. Bedside CXR shows a static image of diaphragm either in expiration or inspiration, whereas LUS can be used to see the range movement of diaphragm during inspiration and expiration over two or more respiratory cycles. [18] In our study, neither CXR nor LUS revealed the diaphragmatic weakness in any patient. Thus, the agreement between LUS and CXR for detecting normal diaphragmatic function was good (κ =1.0). [19] Since all the cardiac surgical patients had a mediastinal drain in the immediate and 1 st postoperative day, neither CXR nor LUS revealed pericardial effusion in any patient.
Although our study favors the bedside LUS as a substitute for CXR in postoperative cardiothoracic ICUs, it has certain limitations. Hilum and deeper lung tissue could not be easily studied by LUS. There existed a restricted field of study in postoperative patients due to dressings and drains. Subcutaneous emphysema, when present, it does not allow the underlying pleura and lung parenchyma for proper evaluation.
The overall outcome of our study on patients in postoperative cardiothoracic ICUs adds strength and evidence to the current literature by Peris et al. [5] and Xirouchaki et al. [6] which showed that bedside LUS significantly reduced the number of chest radiographs and computed tomography scans, and it can be used as a surrogate for bedside imaging in critically ill patients.
In future, randomized controlled trails should be carried out by comparing the LUS as a sole imaging modality for diagnosis, decision-making, and intervention with the gold standard imaging techniques, so that bedside LUS can permanently replace the radiation risks of patients in the ICUs.
conclusIon
The diagnostic ability of bedside LUS and CXR in the postoperative cardiothoracic ICU patients is correlating well. Hence, LUS can supplement or even replace the bedside CXR as a point of care diagnostic modality in the postoperative cardiothoracic ICUs with the added advantage of assessing the response to therapy immediately without any radiation exposure.
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